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Foreword * 



In i(.\cni \c.iis,alH' well IxMU^ot ilic ClH"s.i|XMkc B.u 
c\i)s\s(ciu h.is Ix'cn siicvNc\i the .icti\iiics i>t the rcmiMi's 
i.'.nn\iiii; |H)pul.iiu>n In ig^r>. cdikctu ti>r tins n.itioii.il 
ii MHiKO pioii^[>ii\i C ongress iooi\lci ilic l\in inMimcni.il rioit\tion 
.\i.',viu\ il ID «.oiuliu i an inicivsu c ti\ c \ c.ir siiui\ ot ihc cm iron 
nuMiial *>|uahi\ and iii.in.igcnu'nl i)t the C 'ht"N.i|x*.akc l^a\ rcsouivcs This 
|M(>v;iain ua.s uMU\i tD ciH>aiin.itt* icscaivh mi ilicm.iin ta*.ioi,s 
iiup.K tiiii.; thr K.t\ s u.iicr *>]uaht\ , lo anal\/c. stDic aiul t.iisiril>iiic 

niaiKim'niciu rts|H>nsil>iliiics, .uul ii> stinuil.iic ciH>i\lin.itu)n .imoni; 
ihcin 

I hc I PA piogr.iiu ciKouragcs st.it c ^Man Luul, X'liyinM aiul 
riMinsv l\ .una * [miik ip.u umi timiughnut all ns .Kti\iiics iiKhKiiiig 
pLinnini:, trchnk.il su[>|X)ii, data t.i>llccrion aiui proi;ram Jc\clopmcnt 
.iiui iinplcnioniaiiiMi I hc State ot Marvlainl is rcprcscntcvl b\ the 
lidruaici Admiiiisti atioii i^t the Department ot Natural ReM)urees 
anil the Otluc ot l'.n\ inniniental Programs in tlic OeparTmcnt ot 
liealth an*.l Mental l!\giene llieii counterpart in \lrginia is the State 
W'aici C oiuiol Hoard The nepartment ot I'.m iroiinienta! RcMnirccs. 
in kon|iinction u iih the Su.s<]uehanna Ri\er Basin Commission, 
re[^iesents IVmisN Kama 

lo cnsiirc citi/cn input, W\ cstablisjicd a putMic participation 
[Mogiam as an integral [\irT ot its Chesa|x:ake Ha\ Tn^gram This is the 
mam nu\.hanism In w hich mtomiatton tiin\s between citi/.cns itul 
managcMs legarding alternati\e dunces on issues atlectmg the Ba\. 

1 he C hesajvake Ba\ Pn^grani complements ein ironmental studies 
ix ing ^.onduaed In odier instituttKnis an*.l cin/en groups. The 
[nogtam's (>h|ecii\es arc to descrilx* historical trciuls and to determine 
the iiiireni state ot the Ba\ b\ ev aluating ongoing research and b\ 
[Ml Hiding new researcli to till intormation gaps. The program als(^ 
pio)e*.ts tniure conditions and uses these pn^icctioiis to aid in 
identitNing aliernaii\e strategic s-t tn m anaging Ba\" rescnirces. 

The Ba\ is. in main ua\s, hke an incredihK c;>mple\ liMiig 
v»iga!^.isni ra*.h ot'its parts is related to its other parts in a web ot 
de|X"ndeiK ICS ami sup|>>rr s\ stems l*or us to manage the Ba\ s 
reMHirN.es uell. \vc must tirst understand how it tiinctions^ 

B\ explaining the ecological pixKcsses \n the Ba\; thi^>rimer ser\es 
as an iiitnxiuction ti> se\eral torrhcimung ChesajXMke Ba\ Program 
[Mihlkanons These publicatious will descrilx' tJie results ot the 
scieiuitiv iin estigations and ideiuit\ wianagenKnt solutions to s^x'citiN. 
!vu rcMHirce problems 'rhe\ preseju. in an eas\ 'ro understand \ot 
in format i\c iiianner ke\ issues aiui a)ncems [x-rraining to the 
( "hesaiXMke Ba\ 
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Introductioii 



Down through the years, residents and visitors alike ha\e 
tound the C'.hcsafxrakc im{X)sing yet hospitable. Jhe Al- 
gonquin Indians called it '^ChcsepiocK," which l(X)scly 
translates as the %ireat Shellfish Bay" llic Spanish explorers nanied it 
^Bahia dc Santa Maria" aiid ccyvsiderad it the ;^ best and largest port in 
-ihc world." C'aptam John Smith, why first nyappcd the R^iy in 
- preparation tor Hnglish cc)loniz^tioi<; ext()llcd the Chesapeake as, " 
• a taire bav ciK(i>nipxvscd but foc/fncr mouth \v/ith fruirfiil and 

n.k4^gl«M4nK Uuil" All were irjVprrsscd with/ts size, navigabilm' and 

\ abundance t'(Kxi. " / 

* 

The Bay as an Important Resource 

Tcxlav, the C:hesa[x-ake is still one qf this country 's most valuable 
natural treasures. Hven after cenrufies of intensive use, the Bay remains 
a highly, prcxluctivc natural rcsouirc. it provides millions of pounds ot 
seaf(K)d, functions as a major hu^b for shipping and commerce, 
supplies a huge natural habitat for wildlife, and oticrs a wide variety of 
recreational oppomilfitics for residents and visitors. 

Chesapeake Bay oysters and blue crabs are widely kiv)wn del- 
icacies. The average annual oyster catch over the last tifh' years has 
been approximatdy 27 million pounds of meats per year. Blue crab 
productioi^ totals about 55 million pourtds annually, which makes the 
(Chesapeake the largest pnxluccr in the u^prld. More than half the total 
V . S. catch of both soft-shelled clAmsj and \>luc crabs comes ft-om the 
; C'hcsapeake, along with more than a quarter of the nation s total yearly 
' oyster catch. A thriving fin-tish industry, primarily based on menhaden 
aiid rocktish, rounds out the Chesapeake's majof commercial seafood 
prcxiuction. The \'aluc of the Bay's fishii^g catch exceeds $100 million 
annual 1\'. 

Baltimore s sage, H. L. Mencken once called the Bay, ^a great big 
outdcx^r protein factor).'' A rcccnt study by the National Marine 
: Fisheries Sen ice ranks the' Chesapeake as third in the nation in overall 
I tlsher\' catch. The Bay's production is exceeded only by the Adantic 
and Pacific cKeans. Thats an impressive ranking, since the Bay covers a 
much smaller geographic area than the other major U.S. fishing 
centers. 

The Chesapeake is also a key commercial watcway, boasting tv,'o 
of this countr)' s five major North Atlantic ports. The Hampton Roads 
Q)mplex, which includes Portsmouth, Norfolk, Hampton and New- 
port News, dominates the mouth of the Bay. At the northern end, the 
Port of Baltimore handles nearly 24 percent of the export commerce 
leaving the U. S. North Adantic ports, making it one of the top three 
commercial shipping centers on the East Coast. More than pcmillion 
. : tons of cargo, with a value of nearly $24 billion, were shij^pcd via the 
i Chesapeake during 1979. ^» 

Q [ : 
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^ vS hipping Projections: 
C'hcsapcakc Bay 



I I Baltimore 

I I Hampton Roads 

millions of short tons 



50 



+0 



BO- 



ZO 



10 



o 



m8o 1990 ^000 

Hi st.uc tnnfcrciKc on C^hcs^fxakc Bay, 19^-7. 



.1 ■ ■ (r '■ 

Both Baltimore and Mailiptoii Roads arc situated near the 
coal-producing regions ofAppalachia, making them essential to 
promoting the use of U.S. coal abro,id. The Hampton Roads 
Cx)mplex already leads the nation in ex[X)rTing coal and lignite. 

Ncarly50,ooc commercial vessel trips are recorded ahnually from 
Chesafxrake }X)rts. Shipbuilding and other related industries also 
depend on the Bav. Industries and jx)\vcr co hi panics use large volumes 
of water from the Bav tor industrial paxesses and C(H^ling. The 
esaiar\' also assim!h|tte?r waste's from some of these industries as well as 
municipal wastes generated by the n million ^xople who live withiK- 
the Chesapeake, wajershed. 

Perhaps one of the Chesajx^akes most valuable functions, yet one 
that is difficult to put a price tag on, is irs u)le as a major- wildlife 
habitat. The Bay and surrounding wetlands provide a home for a 
m\Tiad of plants and animals. 

Migraton' birds and watertbwl use the Bay as a major stop along 
the Atlantic Fh waN'. Here thev find f(xxl and shelter m thc'^iumerous 
coves and marshes. Tlie C'hesajxwke is also the winter home for 
appro.ximatelv half a riiillion Canadian geese and more than 40,000 
wRistling swans. It is a nesting are.> for tlTe cntlangered bald eagle and 
the osprey, whose Largest LI.S. [X)pulation is found^iiv^e Bay region. 

The C^hesajxakeV tributaries provide spawning and i^rserv' sites 
for several im[X)rtant species of salt-water Hsh, such as the white jxrch, 
striped bass and shad. During the warmer months, several marine 
species including bluefish, weakfish, croaker, menhaden and s[X)t enter 
the Bav to feed on it\ rich f(.x>d supply 

The hospitable climate, lush vegetation and naairal beaur\' otthe 

atioii^rcp. 
ttrfmajAr 

attractions. Both [X)wer and sail boating have grotvn dramatically In 
1979, more than 122,000 pleasure craft were registered in the State c)f 
Mar\'land alone. 

Sportfishing is another major recreation activity' in the Chesapeake. 
A- 1979 survev by the National Marine Fisheries Ser\'ice estimated the 
■ annual sportfish catch at 28 million, which accenaiates the value of the 
Bav as a breeding ground tor desirable s'pecies of s[X)rttish. 



t " ^ '^t>^ *• • " ~ — 

ChesajxMke have made it an increasingly po'^lar recreatioii^rcp. 

Boating, fisfjjng, swimming, hunting and camping, are ttrfniajc 
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Defining the Chesapeake 

As well as being a national resource, the C]hesap<;ake Bay is the largest 
esaiar\' in the contiguous United States. The Bay itself is only part of 
an interconnected system which includes the mouths c^f many rivers 
draining parts of New York^ Pennsvlvania, West Virginia, Maryland, 
Delaware and Virginia. The Bav and all of its tidal tributaries comprise 
the Chesapeake Bay ecosystem. We are just now beginning to see the 
effects of human activities 'on the Bays ecological structure. To as^sure 
the Chcsajx^ake s continued prcxluctivit); we must develop comprehen- 
sive solutions t(^ the often conflicting demands on the Bay's resources. 
Growing commercial, industrial, recreational and urban acti\'ities in 
the Bay area are putting substantial pressures on the C'hesajxrake s . 
regenerative powers. * 

Some potential problems are becoming apparent. For example, the 
bav grasses, which perform so many caicial ftmctions within the Bay 
ecosvsten;^, are declining in many areas. The oyster catch is diminish- 
ing andWpone and other chemicals have shown up in the biota of the 
Bav In addition, algal blooms have become more prevalent in the Bay ^ 
and its tributaries. 



To determine the causes of, and potential remedies for, those ^ 
problems it is neccssar)' to sec the Bay from a new perspective. .\11 too 
often we think of ourselves as external to our environment and ignore 
the many relationships bct\veen humans, other living creatures and 
their surroundings. If such relationships are ignored in determining 
solutions to environmental problems, more and greater problems may 
result. For example, after World War II, DDT was widely applied in 
the Bay area to control mosquitoes. An unexpected con^quence was 
that the DDT interfered with egg shell development in several spc'cies 
of birds. Since the ban on widespread use of DDT, some species such 
as the osprev have begun to increase in numbers. Solutions to the 
environmental problems are far more effective when they take into 
account the complex relationships invoking all of the components of 
the ecosystem. ' 

When environmental problems are approached from an ecosystem 
pcrsjxrctivc; proposed solutions to specific problems are evaluated in 
light of their cftcct on all other elements within the system. A truly 
effective solution not only corrects the problem, but avoids damaging 
other elements or relationships within the ecosystem. This approach 

akes -probleni-solvin'g=a-gre^ dcalmorc-challcnging. but leads' to 

more effective environmental management. 

In order to adequately define the Chesapeake ecosystem, we must ^ 
go far beyond the actual shores of the Bay itself. The make-up and 
problems of the entire drainage basin significantly impact the Rinc- 
tions aJid inter-relationships of the Bay proper The weather, air, land, 
water, plants and animals all form a complex web of intcrde^Kudencies 
which together make up the Chesapeake ecosystem. Lest We forget, 
humans are also an important and very dependent part of this overall 
system. ^ 

' )K'he purpose of this publication is to provide a glimpse of this 
complex system along \wth enough backgrpund infdrmati9n to allow 
the reader to understand the general processes involved. In order 
simplify the presentation, we have divided the discussion into four 
major areas of interest: 

• Geological Makc-Up— This section traces the geologic history' of 
the Bay, describes the overall physicafc*£ructvire of the Bay proper 
and covers important aspects of the entire watershed. 

• Water & Sediments —This chapter reviews the estvarine^proc- 
esses, describes the physical characteristics and chemical properties 
of the Bay waters, and examines tjjf^mposition and distribution 
of sediments. 

• Key Biological Communities — Here we discuss major plant and 
animal populations living within the Bay itself, the commur^ities in 
which they reside; and the ways in which they interad. 

• Food Production and Consumption— This chapter explains the 
produaion of carbon by pknts and how organisms use carbon and 
other nutrients to make food. In addition, it explains how carbon a 
used by plants is distributed through the various trophic levels. 

Together, these chapters provide the reader with an appreciation 
for the interactions between the land, water and living creatures of the 
Bav. 



\ 



Population Projections: 
Chesapeake Bay Drainage 
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The Geology of the Chesapeake 



The Chesapeake Bav a.s \\c kiiou it to^lax is the result of 
thousands of years of i:oiitinuous change. Since its creation 
foUowing the end of the Ixst ice age, the Chesapeake 
ecosystem his been subjeaed to an unending nKxlification paKess. 
Nature, like a dissatisfied artist, is constantly reworking the details. ^ 
Some modifications enhance the Ray. Others seem to detract from it; 
but all aifea the ecosystem and its interde[X'ndcnt parts. Some changes 
are abrupt, while othersCtake place over such a long jx-ricxtof time that 
we can onlv recognize ^em a.s modifications by l(K)ki^i^>ack into 
'ge<)Iogic historv*. 

Humans arc becoming more involved in the reshaping prti^s^ 
oftxrn inadvertently initiating chains of events which reverbxrate 
through the Bav\^ccosystem. Because our actions can have a 
potentiaJK' devojoating effect on the entire system, it is essential that 
\ve develop an adequate understanding of the Bays geological 
underpinnings. ' * 

Geologic History 

In geological terms, the Chesapeake is veW young. If the entire 

gc^) logical calendar fix>m the earliest fossil focmations were equated to 

one vear, the Bay would be less than a minute old. 

During the laner part of the Pleisuxene eptxh (\yhich began a 
million vears ago), the region encompassing what is now the 
Chesapeake was alternately exposed and submerged as mxssive glaciers 
advanced and retreated up and down the North American continent, 
causing sea levels to fall and rise in concert with glacial expansion and 
contraction. The region still experiences small-scale changes in sea 
level, easilv observ ed o\xr the duration of a cenriir\. 

Th^ most recent retreat /(f the glaciers, wliich began about 10,090 
vears ago, marked the end of the Plcistcxene epcxh and brought about 
the birth of the Chesapeake Bay The melting glacial ice resulted in a 
corresponding increase in sea level that submerged coastal areas 
including the Susquehanna River Valley along with many of the river's 
tributaries. This complex of drowned stream beds now forms the basin 
of the Chesapeake Bay and its tidal tributaries. ^ 

♦ 

The Chesapeake Basin 

*The Bay proper is approximately 200 miles long and ranges in width 
from atx>ut four miles near Annapolis, Mar\'land to ;o miles at its 
widest point near the mouth of the Potomac. The water suri'ace of the 
Bav proper encompasses more than 2,200 sc]uare mile^f. When its 
tributaries arc included that figure nearly doubles. On average, the - 
Chesapeake holds about 18 trillion gallons of water If the entiw^^tidal 
Bav system were drained, it would take more than a year to refill with 
water from rivers, streams and runofl^. 

Fift\' major tributaries pour water into the C^hesajxake cver\' day 
Almost 90 percent of the freshwater entering the Bay comes from tiie 



nonhcrii mu\ western sides. The rcnuinuig lo to 15 percent is « 
contributed bv the easteni shore. 

Although the BaVs length and width assume dramatic pro- 
' jX)nionN, the depth is another matter. The average depth is less than 30 
feet. In general, the Bay is shaped like a very' shallow tray except k.r \ 
tew deep troughs which arc believed to be remnants of the ancient 
Susquehanna River Valley Fortunately these troughs provide a rather 
deep channel which mns along much of the length of the Bay Because 
' it is M) shallow; the Chesapeake is far more sensitive to temperature 
tluctuations and wind than is thc|(jpcn ocean. 

Hven though the Bay properHics totally within the Atlantic Coastal 
Plain,- it draws w atcr from an enormous 64,000 square-mile drainag^ 
basin which .ilso includes part of the Piedmont Plateau, and the 
' Allegheny Plateau. More than 50 tributaries contribute water to the 
C^h^apeake, pro\ iding a mixture of waters with a broad gcochemical 
range. The Bav is influenced by both the Atlantic Coastal Plain and 
-^the Piedmont Plateau, rs\'o radically diflfcrcnt geological structures/ 
each C(Muributing a characteristic mlxmrc of minerals, nutrients and 
?jcdiments. 

The Atlantic Q)astal Plain, whose waters drain directly into the 
Bav, is a relatively flat, low land area \vith a maxirrium elevation of 
about 300 feet above sea level It extends froiu the edge of the 
continental shelf on the east, to a fall line that ranges from 15 to 90 




/ 



The deepest parts of the Bay lie 
down its center and in !w>me ot" 
the larger tributaries. These 
areas arc bcheved to be 
remnants of the ancient 
Susquehanna River Valley, 
and arc potential areas for 
accumulation of sediments 
which may contain toxic 
materials. 
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miles west of the Bay This fail line forms the boundary between the 
Piedmont Pla^au and the coastal plain. Waterfalls and rapids clearly 
mark this liije, where the elevation sharply increases to approximately 
i^ob feet, due to the erosion of the soft sediments of the coastal plain. 

Cities such as Fredericksburg, Richmond, Baltimore and Washing- 
ton, D.C. have developed along this fall line, taking advantage of the 
water power potentials of falls and rapids. 

The Atlantic Coastal Plain is supported by a bed of crystalline 
rock, covered with southeasterly-dipping wedge-shaped laydrs of 
relatively unconsolidated sand, clay and gravel.-'Watcr passing through 
this loosely compacted mixture easily leaches out the mineral content, ^ 
The most soluble elements are iron, calcium and magnesium. Waters 
of the Coastal PAin average moderately soft to moderately hard, 
alth6ygh extreme local levels of hardness can and do occur here. 

The Piedmont Plateau ranges from the fall line in the east to the 
Appalachian Mountains in the west. This area is divided into two ' 
geologically distinct regions by Parrs Ridge, wliich traverses Carroll, 
Howard and Montgomery Counties in Marylai^d and adjacent coun- 
ties in Pennsylvajaia. The eastern side is'composcd of several types of ^ 
dense crystalline rock, including slates, schists, marble, and granite. 
This results in a very diverse topography Rocks of the Piedmont tend 
to be relatively impermeable, ^d waters from the eastern side arc 
usually soft and flow directly into the Bay 

The western side consists of sandstones, shales and siltstones, 
underlain by limestone. This limestone bedrock contributes calcium 
and magnesium to its water, making it hard. Waters from the western 
side of Parr% Ridge flow into the Potomac River, one of the Bay's larger 
tributaries. * ^ 
Cleaily, the waters that flow into the Chesapeake Bay have a 
chemical identity that significantly depends on the geology of their 
place of origin. In turn, the nature of the Bay itself depends on the 
characteristics and relative volumes of these contributing waters. 

Erosion & Sedimentation ^ « ; 

Since its creation, the Chesapeake's shoreline, has undergone constant ^ 
mcxiification by erosion, transport and deposition of sediments. In this 
pipcess, areas of strong relief, like peninsulas and headlands, arc 
eroded and smoothed by currents and tides, and the materials arc 
deposited in other areas of the Bay Sediments carried by the river 
currents are left at the margins of the Bay and major tributaries,- 
resulting in broad, flat deposits of mud and silt. Colonization by 
marsh grasses stabilizes the sediments, and marshes develop. Land 
build-up in the marshes continues until the area becomes part of the 
shoreline. 

The speed at which these modifying processes progress is deter- 
mined by a multitude of factors, including weather, currents, cortiposi- 
tion of the afiected land, tides, wind and human activities. 

The story of Sharp's Island, off the eastern shore of the , 
Chesapeake^ provides a telling-example of the power »and swiftness of 
erosion in the Bay area. In Colonial times, the island was a rich 
plantation of six hundred acres, Todi^y, it is completely submerged, a 
victim of erosion. Sharp's Island disappeared ^ quickly that some 
longtime residents of the eastern shore c^ still rtoember seeing the 
white frame hotel that was situated on it. * 

The forces of erosion and sedimentation are continually reshaping 
the details of the Bay. 
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The Chesapeake Bay f^rain age Area 

Approxtnutclv 64,000 square nuks ot icmiirn m ti\c stales 
driin into ihc (.Chesapeake. The rivcrv which empr\' into the. 
Bav flow through a vcr\ diverse geolpg\, and cam the 
manv different substances uhich help 10 create the fertile 
chemical mixture ofthe .B.iv 
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The Water & Sediments 
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Chemical Factors 

I'his section examines liip^diemistn of the Bavs waters and provides a 
background tor under^anding kxxi prcxluction in the Chesapeake. 
These chemical pr(K<as.scs plav a major role in defining 
physiological limits to the relanve abundance and distribution ot 
plants and animals within the Bav In this context, it is im[X)rTant to 
remember that manv constituents contribute to the dynamic balance 
among organisms, u ater and sediments. 

The waters of the Chesapeake arc a complex chemical mLxturc, 
containing dissolved organic and inorganic materials, including dis- 
"?ioivcd gases, nutrients and a varicr\' of 4thcr chemicals. The more 
saline waters of the Ba\ are chemically sifiilar to (Kean water Scawater 
contains six major naniral chemical components — chlorine, sodium, 
magnesium, calcium, sulfate, potassium, with sodium chloride (salt) 
dominating. Ocean water als<:) contains many minor elements, includ- 
ing cobalt, manganese, molybdenum and silica. These elements 
are important in many biological rcaclioas. For example, in minute 
quantities, cobalt is requirda for li\mg organisms to make vitamin B„. 
Hea\y metals such as mei^ury; lead and cadmium usually cKcur 
naturally in ven^ low concentrations. In some areas, though, human 
activities add heavy metals to the water in quantities large enough to 
create serious pollution problems. 



Dissolved Inorganic Compounds in Scawater 



Some of the components of sea water are "conservative" — they do 
not reaa easilv with other chemicals and arc not taken up by plants or 
animals. Their concentration is relatively constant. Sodiipi chloride is 
conservative, while the nutrients, nitrogen, and phosphorus, change , 
scasonallv These conservative elements provide a good measure of the 
extent of mixing between freshwater and scawater. In the Bay, salinity 
of 17.5 ppt indicates scawater has been diluted 50 percent by freshwater 

Concentration of thcfmajor constituents of scawater is relatively 
constant from place to place. Freshwater, by contrast, contains a 
Variable composition of salts that depends on the soils and rocks the 
water has come in contaa with on its way to the Bay Sodium chloride 
. i«-i^gligible in freshwater. Silicon, howcvcy which is important in the 
cell wall structure of diatoms (one-celled plants), occurs at higher 
concentrations in Susquehanna River water than in ocean water. 

Among the important chemical constituents found in waters of the 
Chesapeake are: organic and inorganic materials, tlis^lved oxygen, ,^ 
carbon dioxide, nitrogen and phosphorus. Both fresh and salt water 
contain a myriad of natural dissolved organic materials. These natural 
compounds arc only now being identified, and are believed to be the 
breakdown produas of proteins, carbohydrates and fats ftx)m plankton 
and higher organisms such as fish. These breakdown products come 
from several sources. Microorganisms decompose dead organisms^d 
release dissolved organic compounds to Bay watery. Organisms arc 
also '^leak/' and excrete many organic compounds directly into the 
water In addition, dissolved organic material flows into the Bay via its 
tributaries. 

Many of these organic compounds arc required Jat extremely low 
concentrations) for the growth of phytoplankton, microscopic plants 
; found in open waters. For example, vitamin B^ may occur at one 
nanogram per milliliter (or approximately i part in a billion) and still 
meet the growth requirements of many organisms. Some natural 
organic compounds also serve as chelators. This means that they are 
attracted to, and bind with, metals like iron. This keeps the metals in 
solution and biologically available. 

Synthetic (man-made) organic matcmls, some of which arc toxic, 
may also be added to the waters of the my system. Many chemical 
wa.stcs of industries and sewage treatment plants, as well as most 
herbicides and pesticides, are organic chemicals. 

Inorganic dissolved salts (such as sodium chloride) arc impor- 
tant to the adaptive processes of many organisms. Some fish spawn in 
fresh or slightly brackish water and must move to more saline waters 
as they mature. These species have internal mechanisms which enable 
them to cope with the changes in salinity.. In addition to being 
. biologically important, natural dissolved materials also affect the 

physical properties of water such as lowering its freezing point or ^ 
increasing its density. 

Dissolved oxygen is essential for all plants and animals inhabiting 
the Bay. However, it is a particularly sensitive constituent because 
other chemicals present in the water, biotogical processes and tempera- 
ture exert a major influence on its availability during the year. The 
maximum amount of oxygen which can be dissolved in a given unit of 
water increases as the water becomes colder and decreases as the water 
becomes more saline. For example, at 15 degrees Celsius, one liter of 
scawater has a saturation level of 5.8 milliliters of dissolved oxygen, 
while one liter of freshwater can hold 7J milliliters. 



surface as a ^by-product of plant photosynthesis. As a result, floating 
and rooted aquatic plants increase dissolved oxygen levels. Since the 
existence of plants also depends on the availability of light, the ■< 
oxygen-producing processes occur only near the surface.or in shallow 
waters. 

Surface Water is at or near oxygen saturation all year long, while 
deep bottom waters range fh)m saturation to nearly anoxic (no oxygen 
present). During the winter, respiration levels are relatively low. 
Vertical mixing is good and there is very littie salinity stratification. As 
a result, dissolved oxygen is'plentiflil throughout the water column. 
Durirife the spring and summer, incfcascd levels of animal and 
micrOoial respiration,, greater Salinity stratification and reduced vertical 
mixing result in low levels of dissolved oxygen in deeper water. In fact, 
the deeper areas of some tributaries, such as the Patuxent and the 
Potomac, can become anoxic in the summer. Later, when the surface 
waters cool in the fall, vertical mixing occurs and the deep waters arc 
rcoxygenatcd to their winter condition. ^ • ' , 

Carboo dioxide, another dissolved gas, is important to the 
well-being of the Bay's aquatic environment, acting as a buficr against 
rapid shifts in acidity Such shifts can.bc detrimental to both plant and 
animal life in the Bay Carbon dioxide is also essential to plant life in 
the Bay because it provides the carbon with which plants produce new 
tissue during photosynthesis. Like oxygen, carbon dioxide is highly 
soluble in water, fts availability is also affeaed by temperature and ^ 
salinity in much the same fashion as oxygen. 

Nitrogen is one of the major constituents in the produaion of 
plant and animal tissilfe. Its primary role is in the synthesis and ' 
maintenance of protein. The nitrogen enters the ecosystem in several 
chemical forms, including ammonia, nitrate and nitrite, although the 
preferred nutrient form for the growth of Bay phytoplankton is 
generally ammonia. Nitrogen also occurs in othAr dissolved organic 
and particulate forms, such as living and dead c^ganisms. 

Some bacteria and blue-green algae can cxtraa nitrogen gas fi^om 
the atmosphere and transform it into organic nitrogen. This process, 
called nitrogen fixation, is an important pathway in the cycling of 
nitrogen between organic (living) and inorcanic components. 

Phosphorus is another key nutrient in the Bay's food system. It is 
found in the water as dissolved organic and inorganic phosphorus as 
well as in particulate fiirm. This nutrient is essential to cellular growth 
and reproduction. Phytoplankton and bacteria assimilate and use 
phosphorus in their growth cycles. Phosphates are the preferred form, 
but other simpler forms of organic phosphorus are also used when 
phosphates are unavailable. 

When phosphatesuare highly concentrated in waters which contain 
oxygen, they combine with iron and suspended particles and eventu- 
ally settie to the Bay bottom, becoming unavailable to phytoplankton 
and temporarily excluded from the cycling process. Phosphates 
sometimes become long-term constituents of the bottom sediments. 
Phosphorus compounds in Bay waters generally occur in greater 
concentrations in less saline areas, such as the upper portion of Bay 
tributaries. Overall, phosphorus concentrations range more widely in 
the summer than winter 

Just as fertilizer aids the growth of agricultural crops, both 
nitrogen and phosphorus are vital to the growth of plants within the 
Bay These two elements are supplied in significant quantities by " 
c/nx/aa^' frriifmrnf nliints. food Droccssinc industries and urban. 



of 16 parts nitrogen to one part phosphorus. If the availabilit)' of cither 
drops below this general ratio, it becomes the limiting factor in the 
growth of plant life. 

Tod many nutrients, on the other hand, can lead to an overabun- 
dance of phytoplankton, creating dense pppul^frions, or blooms, of 
plant cells. Blooms of green or blue-green phytoplankton can become 
a nuisance m the upper tidal frcshwaters of some tributaries. As the » 
blooms decay, oxj'gcn is used up in decomposition. This can lead to 
anoxic (and odorous) conditions. 

This situation can be improved. For example, in the upper tidaf 
freshwater Potomac in recent years, minimum levels of dissolved 
ox\'gcn have not been as low as they were during the 1960's anc|^rly 
1970's, and algM blooms have decreased. This is at least in part 
attributable to the installation of new sewage treatment facilities in the 
midj97o's. These installations significandy reduced the amounts of 
phosphonus entering the Potomac pstuarj; perhaps restoring some 
limits on the algal growth. \ 

Sediments: Composition & Effects 

In addition to chemicals, nutrients, and other dissolved materials, the 
waters of the Chesapeake and its tributaries 'also transport huge 
quantities of particulate matter known as sediments, which are 
composed of organic and inorganic materials. Sediments are distrib- 
uted by the Ba/s circulation system. 

Researchers art particularly interested in the sediments and how 
they travel through the Bay because sediments can contain high 
concentrations of certain toxic materials. Individual sediment particles 
have a large surface area, and many molecules easily adsorb, or attach, 
to them. As a result, sediments can act as chemical sweeps by 
adsorbing metals, nutrients, oil, pesticides and other potentially toxic 
organics. Thus, areas of high sediment deposition may well have high 
concentrations of persistent (long-lasting) chemicals. 

While essential to the habitats of many Bay organisms, accumula- 
tion of sediments is, in many ways, undesirable. Accumulation of 
sediments on jjie bottom fills in waterways and ultimately leads to the 
filling of the Bay This sedimentation process has already caused Port 
Tobacco and Joppatown, Maryland, seaports during colonial times, to 
become landlocked. As they setde to the bottom of the Bay, the 
sediments can smother the benthos (bottom dwelling plants and 
animals). In addition, suspended sediments contribute to the turbidity 
of the water and thus decrease the light available for plant growth. 

The upper and lower sections of the Chesapeake have different 
sedimentation problems. In the upper Bay, the sediments discharged 
by. rivers are primarily fine-grained silts and days which are relatively 
light and can be carried long distances. Due to the two-directional 
water circulation pattern which is predominant in the upper Bay, these 
sediments are discharged into the fresh upper layer of water. As they 
move into the Bay, these particles slowly descend into the denser saline • 
layer, where they reverse direction and flow back up into the tidal 
tributaries along with the lower layer of water. As the upstream flow 
terminates, the sediments settle to the bottom, mainly in the areas of 
maximum turbidity, thus turning these estuarine reaches into very 
effective sediment traps. 

In the lower Bay, by contrast, the sediments are somewhat sandier, 
and heavier. These particles result primarily from shore erosion. They 
drop fairly rapidly to the bottom, remain near their original source 



Representative Biological 
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More than 2,700 species of plants and animals inhabit the 
Chesapeake afid its shoreline. All depcnd.on the Bay and 
their fellow inhabitants for food and shelter. Bach, in turn, 
contributes to the cojidnued life of the entire Chesapeake ecosystem. 
Each type of organism (species) has a set of physical and chemical 
requirements that must be satisfied in order for it to live. Different 
species have different requirenitnts for temperature, water, salinity, 
nutrients, substrate, light, oxygen ^d shelter. These physical and 
chemical variables largely determinc which species will be found in a 
particular habitat. 

Within every habitat, communities of organisms are found which 
exist in a close relationship with each other. Some provide shelter. 
Others serve as prey or act. as predators. The fiinctions within a given 
community are almost endl^, and the Chesapeake provides countless 
communities both large and sm^, | 

The composition of each community, or group o^pccies, ^ 
undergoes change in ^pulation density due to environmental facJOfs 
and interactions among species. Germination of new plants, birth of 
new animals, growth, changes in life stages (i,e,, larval fish to 
juvenile), local movement, migrations and stress due to changes in 
water quality, habitat, over-fishing or other human aaivities are some 
of the factors responsible for those fluctuations. Such change is 
characteristic of most ecological communities and is true of the 
Chesapeake Bay Each species within a given community is subject to 
major or minor population fluctuations with varying frequencies. 

Somp/j^ations, such as seasonal change in abundance, or the size 
of pop^tions, follow a predictable pattern, pthers apparendy follow 
lon^-term patterns or fluctuate randomly Experience and studies 
have shown that for a given season one can expect a characteristic 
representation of species, although a few species may be missing at any 
specific instant. 

Some Bay communities are prone to rapid fluctuations in numbers 
of one or, more member species. This is particularly true for plankton 
whose growth rate is correlated with thjpir small size. Rapid changes in 
diversity and abundance may occur hourly or daily — a complex result 
of interacting biological, physical and chemical factors. 

Many species show a long-term patten> in population abundance 
and distribution. For example, striped bass were relatively rare, in the 
Bay during the 1930's and early i94P's, while the croaker was abundant. 
The bass increased ut^ the early 1970's, when the population began to 
decline. Its reduced numbers were followed by an increase in bluefish, 
another predator. Such population cycles illustrate why it is so difficult 
to separate natural patterns from those induced by human activity. 

Bay communities can be as small as an oyster bar or as large as the 
entire Bay But whatever the size, these communities overlap and 



Five major Bay communities that interact closely are the marsh V 
^ dwellers, bay grass inhabitors, plankton, bottom residents and swim- 
mers. Eaqh community represents a particular habitat within the Bay, 
and these habitats exhibit a wide range of characteristics. The marshes 
are relatively stable areas along the shoreline. The bay gra^ commu- 
nity extends from about mean low tide to a depth of about ten feet or 
when light becomes limiting. The plankton community is composed 
of minute creatures that float and drift with the movement of the 
' water. The bcnthic environment includes the bottom of the Bay and 
its residents. Finally, the nekton are the fish and other swimmers who 
/njerve freely throughout the, Bay 

Each or these five communitfes — marsh, bay grass, plankton, 
bottom and swimming — along with the roles they play and how they 
interact, are described in the fSllowing sections. '* 

Marsh Dwellers 

Marshes fiinge the Chesapeake and its tributaries, encompassing about 
425,000 acres, with 212,000 acres in Maryland and 213,000 acres in 
Virginia. Forming a natural boundary between land and water, these 
spongy areas are dampened by rain, groundwater seepage, adjacent 
streams and by the Bay's tides. They are transitional areas that may 
slowly be c6n verted to solid shoreline or may disappear due to 
erosion. 

Marshes help to reshape the Bay by removing sediments ftx)m the 
waters. Their emergent plants trap the sediments that the/V^eive 
from streams and from tidal flooding. Without a rising sea level the 
growth of the marsh would be slow or nonexistent. Human activities 
that aflFect sediment transport and deposition patterns^ 
such as levees and channels, may aflFect the ^vclopment . 
of a marsh in unanticipated ways. 




The Marsh 
Community 

The marsh habitat harbors a 
seasonally abundant assemblage 
of plants and animals. The 
mid-salinity rparsh shown here 
has a lower number of plant 
species than tidal fresh marshes, 
but ecological processes are 
representative. For example, 
intense feeding by fish and 
birds occurs and nutrients, 
sediments and detritus are 
exchanged with surrounding 



Salinity and frequency of tidal flooding are the most important ^ 
faaors in determining the types of plant and animal populations that 
inhabit a particul^ marsh. Some marshes along fhe eastern shore and 
mouth iCfC^e Bay are subjeaed to high levels of salinity. Others are fed 
with bracldsh. water, while those located in the northern reaches of the j 
*Bay and its tributaries arc, for the most part, freshwater marshes. Each 
type offers dificrent amenities and^attracts different plant arfd animal 
popijlations. v.. 

In general, freshwater marshes have larger and more diversified 
plant populations; Por instance, the overall production of plant 
material (biomass) iri freshwater marshes is estimated to be two to 
three times ^eater than that of salt water marshes. 

Poised between land and water, marshes absorb the erosive encrg>' 
of Bay waves and may also aa as nutrient buffers, regulating the flow 
dTnutrients into the Bay Nutrients flow into the marshes from land 
sources, and from the Bay as a result of tidal aaion. Once there, the 
nutrients are trapped and used by marsh grasses. They are gradually 
released into the Bay during decomposition of the grasses. 

Because of their bountifiil supply of nutrients, marshes are 
extremely productive. In fs^ct, they are comparable to fertite agricul- 
tural lands. This leads to a large quantity of plant biomass. There is a 
huge amount of visible plant material in marshes. However, this just 
constitutes above-ground biomass. The below-ground biornass com- 
. posed of root and rhizome material is often more than double the 
above-ground biomass. This adds up to a tremendous reservoir of 
nutrients and chemicals bound up in plant tissue and sediments. 

Plant life varies according to salinity. Freshwater marshes include 
cattails, reeds, arrow-arum, big cordgrass, wild rice, three-square, 
tearthumb and pickeral weed. The coastal salt marshes of the mid and 
lower Bay are dominated by salt meadow cordgrass, saltgrass and ^ 
saltmarsh cordgrass. Finally, the irregularly flooded salt marshes 
possess the fewest species of plants and are dominated by needlerush. 

The abundance of food and shelter provided by the marsh grasses 
ensure a vety favorable habitat for the other members of this 
community. A host of intertebrates feed on decomposed plant material 
and, in turn, provide food for numerous species of higher animals. 
Another source of food is the dense layer of microscopic animals, 
baaeria and algae that coats the stem? of marsh plants. M($>Veyer, 
decomposing plants and, to a lesser extent, dead animals provide the 
major food for the marsh dwellers. Therefore, the primary food web 
in the marsh environment is based on detritus (dead organic matter). 

Bay Grass Commimities 

Approximately ten species of bay grasses occur in the Chesapeake, i 
They are often referred to as Submerged Aquatic Vegetation or SA\| 
Most of the grasses cannot withstand extensive drying and live witK 
their leaves at qr below the surface of the water. Light penetration 
determines the' depths to which bay ^^sscs live. The water ?urround-. 
ing the grasses can contain substances that block or scatter the 
transmission of light so that, in relatively clear waters, bay grasses can 
exist in water depths up to about lo feet. 

' Like the marsh grasses, the various species of submerged grasses 
are distributed according to salinity. The substrate to which the roots 
of bay grasses attach also affeas their distribution. They thrive best in 
relatively fine'Jfcdiments, but can tolerate some organic matter or fine 
sand. Turbulence caused by wave action can also restria their 

"baffles" to reduce 
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Bay Grass Community 

This community typically con- 
tains a seasonally abundant 
group of plants and animals. 
Shelter, food and nutrient 
processing (such as remin^^ii- 
zation of organically bound 
nutrients) are important charac- 
teristics. There is a dynamic ex- 
change of materiis between 
the bay grass community and 
the surrounding estuarine 
environment. 



wave energy and slow water velocities, highly exposed locations create 
so rtteh water movement that the grasses cannot survive. 

The chemistry of their surrounding witer is critical to the survival 
of submerged grasses. Toxic materials such as herbicides or heavy 
metals can so disrupt the physiology of the plants that they die. On 
the other hand, enough needed materials like nutrients must be 
present in the sediment pore water for survival. Excessive nutrient 
enrichment may compromise the existence of submerged grasses by 
favoring the growth of phytoplankton and epiphytes (fouling plant 
growth) which m turn block out light available to grasses. 

Submerged grasses are an important link in the food chain of the 
Bay's waters. These grasses provide protective cover and food for a 
diverse community of organisms which share this zone. Epiphytic 
plants use them as a place to attach. They provide support for the 
larval stages of small marine snails as well as a variety of other 
invertebrates which feed on the decaying grasses. In turn, many of the 
invertebrates provide food for small blue crabs, striped bass, perch and 
other fish. Ducks and geese also feed on the bay grasses and other 
small inhabitants of this community Wading birds such as herons 
often feed on small fish in this area. 

Another important ecological function of bay grasses is their 
ability Co slow down water velocities, causing particulate matter to 
^tde at the base of their stems. Water thus tends to be more clear near 
grass beds. Finally, like marsh grasses, bay grasses can act as nutrient 
buffers, taking up nitrogen and phosphorus and releasing them later 
when the plants decay 

Surveys of bay grasses have revealed a serious decline in popu- 
lations throughout the Bay Previously, fluctuations in abundance of 
/-/•ri-om crvz-if^c cnrh a<i ee\(rra*i*i (rcAuccA in jo2o\) and Eurasian milfoil 



Plankton Community 



zooplankton 



phytoplankton 
and bacteria 




EKLC 



(abundant growth, then reduction in the 1960's) have occurred, but the 
current situation may be a cause for concern bccau^ it is $0 
geographically widespread and involves all species. 

Plankton 

The plankton form another important and representative community' 
in the Chesapeake. This predominantly mictoscopic community 
includes phytoplankton, zooplankton and bacteria. These organisms 
exist largely at the mercy of the current and rides, floating and drifting 
with the water's movements. Some of the tiny creatures, however, 
have been shown to move up or down in the water to take advantage 
of light or to drop below the halocline to avoid being wasbed out to, 
sea. * 

Phytoplankton arc ^y one-celled plants often occurring in 
colonies known also as algae. Although there are numerous varieries, 
the major types found in the Bay are diatoms, dinoflagellates, golden 
algae^ green algae, and blue-green algae. Some phytoplankton, called 
nannoplankton, are extremely small. What they lack in size, however, 
the nannoplankton make up for in numbcrs.'They are responsible for 
as much as two-thirds of the phytoplankton tissue produced in the 
Bay 

Like all plants, phytoplankton require light to live and to 
reproduce. Therefore, the largest colonies are found near the surface. 
Salinity is another important factor in idctcmiining phytoplankton 
distriburion. The largest number of species are found in the more* 
saline waters at the mouth of the Bay Weather is also a major 
determinant in the life of these plants. The greatest concentrations 
occur in the late summer or fall, when the days are long and the water 
is warm. However, during some years the lower Bay shows a spring 
pulse (bloom), with large numbers of phytoplankton in evidence. 
These high concentrarions of phytoplankton produce the characteristic 
green color of estuarine and near-shore waters. Under certain condi- 
rions, phytoplankton with red or brown pigments will dominate the 
water, producing a red-tinted bloom, sometimes referred to as "red 
ride." 

Because phytoplankton reproduce quickly, changes in chemical 
, conditions,mich as addition of nutrients, may cause rapid changes in 
the number S^d diversity of species. Such changes may result in the 



— . ^ 

' . 

pBcscncc of a single species, 4ikc the t)pc causing "red tide?*,'' These 
blooms can have serious consequences. Once they begin to decay, 
decomposing organisms can completely deplete all dissolved oxygen - 
rescr\'ed, suffocating other estuarine animals. 

Phnoplankton arc the major food source for microscopic animals 
called z^56plankton. Most zooplankton arc copcpods, a particular t)^ 
of crustacean that is only about -a millij;|gcter long. One study found 
three million in a single cubic meter of warer Th«ir distribution is 
related to salinity levels and matches that of their favorite meal, the 
* phnoplankton. Copcpods also feed on plant matter and baacria. 

The tiny larvae of bcnthic animals and fish are also considered to 
be zooplankton, although they remain to only temporarily These 
larvae may be consumed by larger animals, and may themselves, as 
rhey grow, consume copcpods. -^■'"^ 

The final group of zooplankton found in the Bay arc the protozoa. 
These single-cell creatures feed on detritus and bacteria. They, in turn, 
become food i^larvac, copcpods and krgcr protozoa. 

Bacteria have an important function in the Bay^They arc essentially 
the undertakers or decomposers. Their primary function is to break 
down dead matter, particularly plants. They feed on the detritus arid 
are then eaten by zooplankton and so on up the food chain. This • 
pQoccss makes the nutrients in dead pldnt and animal matter available' 
for consumption by larger organisms. 

Bacteria arc cither normal residents of the Bay or can be 
introduced through various pathways including hurqan sewage and 
precipitation runoff from the land. The variet)' that specializes in 
feeding on human waste arc called coliform bacteria. Coliforms in 
themselves arc not normally harmful. They arc, however, an indicator 
that pathogens (disease-producing bacteria) may be present. More 
coliforms are likely to be found near large population centers. 

A final group of plankton dwellers is clearly visible to the unaided 
eye. These are the jcUj^sh, sea nettles and comb-jellies (ctenophores) 
which move with the water currents. 

Life at the Bottom 

The organisms that live on and in the bottom of the Bay form a 
complex assemblage of coromunitics. Commonly termed benthos, they 
arc considered in terms of the animal components. However, the plant 
and bacterial constituents should not be overlooked. The roots and 
lower portions of submerged aquatic vegetation supply physical 
support for a wide variety of "epibiotic" organisms. An oyster bar that 
supports many small organisms is anxxample of a bcnthic community. 
Bcnthic communities also exist on bare, unvegctated sediments, but 
numbers may be more limited because there is less protection against ^ 
« predators. 

Salinity and sediment type are the two major determinants to the 
distribution of benthos. These two factors result in a gradient of 
bcnthic organisms within the Chesapeake. With respect to sediments, 
neither coarse sands nor soft, slurry muds usually possess rich or 
diverse bcnthic populations. Sediments containing a significant 
amount of silts and clays are considered optimum. 

Prefixes are useful to differentiate the various types of bcnthic 
organisms. Epifauna, dwelling upon the surface, are distinct fi"om 
infauna, which form their own community structure under the 
sediment surface. Other prefixes categorize bcnthic organisms by size. 
For example, mega- or macro-fauna arc the largest, most visi&le. 
animhls, while, meio- and micro' fauna range downward in size. 
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I'hc Ix-nthk aMnnuinit\ has .\\\ iiufxuiani cttcM on itu plusu .il 
aiul chciUK.iKoiulitK>n ot the sciliiuciits, rs|x\ lalU the vipjx i ri^ht to 
ten ilKhcs } liter tccik-rs. Muh as ovstcn aiui ilatns. pviinp lar^c 
vdIudks of water thrvni^h then IhhIics aiul c\iKUt tinni timn it 
Inlaunal iic|x>sit Ux\kiv. suvh as ui>nns. pli>u^:h thioii^h itu- >cA\ 
nicnts in search ot Kxni Pirilaiors su^h as the blue v lah s<viti\ ai n)ss 
the sediment siirtau" These a«.itvuies all help keep itu- sciiiinents 
stinrdup; increasing the rate oi vlil!asu>n. oi ew.hangv, ot iiut(MialN 
ituo the water and tacilitatmg the passage ot inxgeii iiuo the 
seihrnents 

Henthic anitnaK alM^ affect the strn<.tuie ot the sediinenis Vmik 
Innki tulx-s or.burn>ws ihtxnigli uhivh the\ puiup uaiei Maiw 
IxrnthK aninuls bind st-dinients ti>gethei in teval jKllets whuh settle 
more rcadilV.''It'tx>xit chemkals air prrseiit in the scdunenis, the\ van 
"Ix taken up bv Ivnthic fauna, and m umwk: cas^-s Karm them 

Someconimerciallv valuable fxrnthu organisnw, sui h as <n ste;s aiui 
blue crabs, are wideU distnlnited OtlKrs ait nu^re limited l>v salinitv 
Tor example, hard shell clams iT«.]Uire highh mI"^^' igieatei than i\ 
ppt) waters, w hile soft shell dams can thrive in lowei sahnit\ levels 
l^ss ciniimerciallv imjx>rtant Ixrnthu sjx-cies nwlude l^anudes and 
s|x>nges, which live in higher salinities, mvsid shnmp and. nuid ».rabs 
in^iml-fiAlinit^' fai^gcs, and brackish watei clams m loueiSalinit>es 
Intolerance to li>wrr salinities can also limit the disttibufion <.vt •.en am 
benthic predators, parasites and diseases C)\ster drills, whKh feed iui 
oysters, are far less of a pn)blem m upjx^r Ba\ waters than thev are m 
the lower Bav because of their intoleraiKe to l*>u v^Vnities 

The Swimmers 

■.. Nekton are the swimmei^ of the Ba\ I>ie\ control and direct their 
movements, arjd-chixs their own distribution, 'ihroughiuii the Ba\ Iliis 
gix^up' includes tish. certain ciaLstaceans. sc^uid and other invenebrates 
Appn^ximatelv zcx:^ spccMes i>t fish live in rhe C liesajxake llievean 
be divided-mto petriiaiKnt residents and mlgrator^ hsh The rcvidents 

, tend to he smaller^in si/c, thercti^re levs capable ol negotiating jhe 
distances. often covered bV the-lar^ejr, nHgraton» sjxv »^*^ 



Siiullci icNKknt N|^,irs.iiu,KKlr kiUifjxlK-x, Jtuhk^Mrs. viUriMiirs 
hokriN jiul ^»>hir\ I hr\ mc i>i»rnull\ hniiul sfullou u jtci 
ulvir MilMuri^nl vfr^rtjKioii |Mo\uir\ .oxrt I Irtr thr\ Irr^l « )n j 
\ AfK-t\ ot iiuritriM 4tc\ Ml* h jN ;* »»^pljiikti m jiul jinphij^HU .1 iiyri 
icNulciiu .ii>4Mriul i»' nukf ti^rii Ihh^h- m \\\c^ Jirj\. trciim^ ilu 
ijnrilriM jtrv jiui tl^r \i)ulirt icmJciU Us\\ 

1 tir tui^TJloiN tuh ^Tiirullx tall iiUo tui> . 4tr^MiH-\ t!>»^%r t>. 
Np,i\* n HI ttir lijv » >i itN ti ilnit ji \c\ 41 ul ttv»M- • n i»n i!><- > f Jf 

\fu-lt I mrinlyiN » tlir Hj\ n|uu luii^ ^ iirp »i \ rni^tJlr vjnui^; 
jiNl.iiur\ t< » N|Mv^ II m tir\ti v\ Jtri 1 \\\\ iiv liulr\ j fru ics 

ttut trjU\ iiMiUi [m* NiHUulriril Hi\ trshirniN loi inNijiuc vlunii^ t*K 
NpaunuH; ncjv^mv \rl|o\\ jiu! N^hiir jxrvli IiJ\t-| irijIurU \?v»ri 
vtiv! .iiu IS tn>Mi icwAcwkc mcas \\\ tlic l»iJk kisti v\ jtri » »I \\\c \<ji\ '< 

rTrstiujtri iicuN m the 'ipl^-i ( yifNj|x-jkr Sm|x-vl \^as\ jIv n|uvmi 

tnil\ nu^iJtiM\. ti j\rhnj^tt\ »in tUc »K.rjn to trrsh J'^ i'^ \|uvKn j:u! 
irninuMw: i« ' I in" I H rill ij » trnl ^ 

( >it>rf nn^i4ii>f\ tish N|uv\n i>ii tl»c *KrJii \i\c\\ iiui uvr ihc Mj\ 
NtTKtlN t. •( trr^tin^ S*>inr }ouinr\ intn l^W- lVj\ v\hik M\il ui tin- Uni. 
Ntj^r jiul u>r i^r slullou ujtrrv of ttx" Hjv nup^r\ i nukriA 
vii\Jtn. mciitijvlcn urjktisf^ iiul N|^»t tall uwi ilu> ^nnip Mv ^ 

.itnuuljiKc itui i\\c\ Mip|^>n J [njf*M ^iMunKix ixl fishing rnirr^n iv^ 
Ihc ,uiiiitN ot ituN . jtr^i»f\ trr^i 011 (Ir abuiKianT MippK ot ph\io 
plankit»ii HiiirtiNh-onh rntri tfy Hj\ 1> i».hiltN.»f injturr fv\l 

i h\c N|Vi icN ttut nujst tv 1 1 >ivsuictr\l j tni^r Jtot \ U\\\ ix% Jiix" o' 
Np.iuiMM^ pt j^tKCN IN ttic rc l I cK rrsKir 111 iIk Hj\ tot loi.^ |<T>i<iv 
^tit c-\rrMujll\ ir.i^:tjrr ti ^ \\\cu yxrir spjuTun^ fc^nuiiKlN m itK- 

OtIkt < H^aniMUN ip^x-jnn^ m i\\c tirkn >iik tm kI urh jrr wtv I 
:*\c "irN'^t" n-wir.lViA > 't \\\c iickton riK'ntiiMX\1 ciilicr Suminur'.fc; 
.rxiMjiCajiN inilutic Nhr^rnp, uiikh s^x-ivl VM^t • >t tfx-u j^lvilt litr \\c^: 
thr S»tti>n^. I'Mulix tfvni^hi < i rrc jx-i." the t>luc ^rah ^un 

rnjhir it t«- tfjvri voiukIctjMc ihstJiKC^ 11 r\\c Hi\ I iiullv nunK-n-iiN 
::«-intx*i^ of '\^c shark taniiK rrurr rhw" Ha\ as ^i* » sc\rraj marux* 

Ecolopcal Succession 

Ihc rr^^tavcniciu ot oik Hj\ n|x% jc> 11^, a o >fnnuir.it\ h\ jiv>thr! l> a 
nimrii and usuaiiv K»njt rcrm pnvcM ITus pnncv v% iiiicO cvoi«>tL>^a. 
NUvvcvsjoii. aiui rfv- latc of siKirvsnn^ ik-|X*TKlN or^ the fNjV i>t 
.ofiuTuuMf\ In tv'Bax :'yc rate nu\ ivx tx- ^ixistaiit hrvalI^^ ^ »t 'tyc 
^xmrrfiii iiUhiCiKc i»t ph^NKal taaorv aticvim^ «.tiStnhutH aixl 
a^uiuia.'Kc ct \|x\JCN V^■t>crr scdinx-nfv a*.LUinviUtc v^iikk!\, rrplai^r 
fi^cin t>t ojx-i^ witcr pla;At(»t'i aivl fivh h\ in^h, finaliv ^\ 
rrrrCNtnai ionur^unitics. r\rnt\iaiK ikiui 

l<oi<»^Kai rTiOxgvv, v\tlK h Kxn s*>n>c trafurrN u\ ohimiv^p vMth 
rvi>iv^Kai siKi cvSHMV-^iLv 1 titiurs <»n r>cMi\ tonT>cd hj^i>n^ .k|x*MTN 
SiK.h ilc[> '^^f^ ^ an rrvult dun^ptng of uistcs Nimal ^aavrs. Mk M 
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1 )lls IviMv swlC'in tlhlu MVS ilut Cm\\ OlgaillMU Mipplios the »Mlu*tN 

wiihilw ic-i|\iiNnrs I »< lifv Mom h)i>li>^K .»l ni.itriKil uliuuaicU \<'t\(*N .is 

inoicvuicN .»ik1 iluii uuM^ui^ii i ounI imcntN ate v out iiui»ni\l\ vwlrtl 
t hn 'U^-.h I tu ft » »N\ sicin Alt h« >u^h I Iun v .n U »ii i >v\ ^cii v \ i Ini^ n\ Ntriu 
.ipjv.nN Minplf. iiN .ippliv .ituMi in fhcX hcNa[XMkc rioswlcm iiut>tp» 
5.tt4N .ni4\ •»lv*»inplcv iiiiri icl.it u >nNlupN aiul vic}ViKU*iu ics 

VS hitr V ai U »n .uitK»\ \ ^rn aic I he nu >ni pir\ a lent clement n m oui 
p!n SK al !i ..ikc up. !nan\ »>!hciNpla\ ini|x >iiaiu n >1cn m the tr Ji i< . 
^MtiutM anvi liiiuruMiN of tn^aniMnN Niin»^rn anil [ihi^sphi »i hn air t\w^ 
Mil !i ^ iiMnrnts Ihcx aic * i lal it > I he- t >|x*t at n )n of i he ha\ n lite 
^ up|*i N\ sient 

Niir'»w";cn is a majoi i i >ni['i >ncni ol all or^anisinN. [MuiuiiK aN a kc\ 
lM^M^^ll(■• I in pft«(('ii\ W hen an t>t^aniMu Jjc\, bjvfcua anii tun^i 
I'irak !f\«- pft »ic'ii\ vlt >\K n fnioaiiuno aiuls H.Ktcna then icnu>\c tfu- 
. at N '11 V I 'in ft T ii^k'. I he a^ uIn mn > anin h >nu IMani n aic at^lc i» » us*- this 
air.n)««iiia as a v»>iiur ol niin>v:cn In the pics^MHf ot i>v\^rn. othcT 
!rtia ^ .m ^onvrtt tlu" anniutnia to luintc aiui nitiatr. \k f^uh arc also 
n!nt>kicn s^niucs ft m [Mani htc Tlourvci. niuU'i lou viivv)l\Cil 
..\\ ..MuiiiHMiN the havictia triiuvc ml t ate t(» eleiiKiiial nitrogen 
whuh as > vliss4W\eJ. i,;as. is not available ii> nu>st aijuatt^ organisms 
I'] 'ui.i! t!t stwv net vMne t>liie gtrcn algae arr ahle > us<- eletiien 
*a! cas^t'Us !V.rn»cci- .liicitU aiul. thus. ha\e ih> rrv|vnrenients toi 
, . » '1 ■'!>itu'il Mi'n 'Ccr 

i'h« «spfi. »rvis IS anottu'i clcnicnt esNcniiai I»> [^lai\t gri>uth 1 Vv otu 
,1 'si:^r, plant^ aiui anisnals \ u Ui oiganiv plv>sphoiiis I>unngtiK 

. Mn;x isit n •!^ prt H ess t\u lena v om en this « >r gan iv phi>sphinii.s tti . ^^^^^^^^^^^^^^^^^^^^^^^^ 
,^ht t^;^! Liii \v hen .a\v:rn is present In this torni, it is rcadiU einploxcil 

.Ma"!s phosplule s<-Tt lest nil ot \water \erA i^uukU, Nutricnt Mix fof 

■^M'virnt s ftMi.tiiit'. ir siuuth>ns t^re suttkient quantities are not • Ph\'toplankton Growth 
i..i,ahii r.' jsmim aJtvjuate [Mant ^n>uth 

lm;x t .it\ire pUis ttu" o\eiaIl a\ailahiiit\ ot sunligfit and t.arN»n 
.ii-'\KY .i*«'ni; \i';h 'isalMc nitrouer. atui [^Ix »sphi >t us, .,<>ntrol the rate 
. j ''1, •!( >s\ 'i'hes>s iP the Ha\. Siiue plants are tfu-onh organisn^N 
- ipahie * >t pn ing "lU'v^ " to* kI tn h\\ it)*>rgani«. nutter, the rate of 
.^tu -fi "s^ nt !u SIS .atv:el\ i1etern\ines i\yc pn^iiKtu »n ot orgatik «.arNM) 
'm. MMasN I'u! :hus the ultiruare a\ ailal^iiitA of Ux\\ m ifie C 'hesa|yrake 

! , iiisT-at; h. !hes4 ta^Tors atlcvi 'he priKUun\it\ ot the Ha\. 
c! ^ .« * '•t at t'K ( hesa[X"ake s nH>st ^»>pn>us Un\\ pnKiiKCr, the 
.^h^ )piai MiM" I ike all [^lains. ph\ to[>ianknm require siwilight. nutn 
.-nrs warn I'^ the Ba\. water is newt a liiuiting taaor However, 
'he -^fhcfs 'Ma', nrir [^ne!Uiaj pfn^i>plajiktt>n grouih I he auiount i>t 
> .ii\l;i:h>t a^aharM.- lo an .iqu.it u [MaiM dejxiuis on tJvtors siuh xs 
..inuiifKss, rhe siiM s iannide. ^ hoppmevs ot the water. nirbidiT\ aiui 
kpfh lr!n;x-raTi:re is 4iu>thei t.Ktor wfikfi ..an rediue the rate of 
;^tu >[( »l\ nrhesis 

NLiinei'.rs ;r tfu- ti >nr of <.arN>i^. diovkie iisahle mrri>gen and 
,.sat>ie pliospiioru.s riuist aiv> Ix" j\ailahie in the pn>|xrf pm[^>rtu>ns 
St udies h.i\e esraiMishevl that phvTopla/ikton, rhe ( "hesa[xrike s nxnt 
.opu>us Un\\ pfTHiuver. require an apprn^inutc vart>>n nitn^gen phos 
'.•t>4>r\.s ratio ot i < ir i These nutrients arr rarcK a\ajlabic in the exact 
!ari«i T*>at is required NornulK. otK nutrient is in shi^n suppK 
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Man)r Nutrient Clyclcs 




The role of these limiting faaors on food production in the 
Chesapeake and its tributaries is currcndy being studied. Some 
evidence suggests phosphorus may control the growth of some 
phytoplankton species in the spring, especially in the tidal freshwater 
and brackish areas. Nitrogen may be a limiting factor at higher 
salinities, particularly during warm months. Carbon dioxide limi- 
tations may control the rate of further photosynthesis during algae 
blooms. Sunlight and possibly temperature determines the rate of 
photosynthesis during the colder months. Turbidity also plays an 
important role in affecting the quality and quantity of light that 
reaches the plant. 

Normally, organic carbon (or biomass) production and decomposi- 
tion keep pace with one another over an annual cycle, causing the total 
amount of biomass in an ecosystem to remain fairly constant. 
However, biomass productiot^at all trophic levels is ultima^ly 
dependent on the production of new food by plants (autotrophs). 
This production is, in turn, linked to the availability of sunlight and 
nutrients. Sunlight availabili^ depends largely on weather conditions. 
Nutrient availability depends on the carbon, nitrogen and phosphorus 
cycles, which are extremely complex and very sensitive to changes 
caused by pollutants. Since substantial quantities of nutrients are 
washed into the Bay from its tributaries, they also have a significant 
effea on the overall nutrient availability within the Bay proper. 

As you can see, the Bay's entire life support system is balanced on 
some rather complex underpinnings. Even though the Chesapeake's 
production capacity is massive, it is also finite. A look at the Bay's food 
web should provide an understanding of how food production 
pij^blcms at even the lowest and most broadly based trophic level can 
have dramatic effects on higher trophic levels. 



The Food Web , 

The Chesapeake is noted for its ability to produce food. Howevei; the 
production of economically important fixxls like fish and shellfish 
depends on the production of plant biomass in the Bay. The animals, 
plants and microbes of the Bay arc connected by a complex network of 
feeding interactions called the food web. 

The food web has both direct and indirect linkages to higher 
trophic levels. Typically, the direct food web encompasses four key 
linkages — five, if we humans arc included. For example, a predomi- 
nant feeding pattern in the open waters of the Bay starts with ^ 
phytoplankton converting simlight and nutrients into living tissue. 
They arc, in turn, eaten by copepods, members of the zooplankton 
family. The copepods arc then swalloiycd by anchovies, which arc later 
eaten by bluefish. This illustrates howWie organic carbon originally 
produced by the plant is passed through successively higher trophic; 
levels. The indirect food web encompasses the feeding on dead 
organic matter by detritivores. 

The amount of energy available deoeascs at each successively 
higher trophic level. This is due to the falct that the transfer of energy 
(required to produce biomass) bom one \rophic level to the next is 
inefficient. Several factors account for this. For example, of the total 
available phytoplankton carbon/energy, only a portion is ingested by 




these arc the only functions that produce additional tissue, the 
carbon/energy assigned to them is all that is available to the predator 
at the next trophic level. 

The efficiency of the carbon/energy transfer from one trophic level 
to the next is approximately lo percent. This lack of efficiency shows 
why there is only a limited amount of organic carbon/energy available 
at the top carnivore level. For example, for every pound of commercial 
fish taken bom the Chesapeake, almost four tons of organic material 
had to be produced at the plankton trophic level. 

Several important conclusions can be drawn. First, because plants 
are the source of all food, their rate of biomass formation determines 
the quantity of animals and all other organisms in the Bay 

Second, through the food web concept we can see xhdX energy 
ffows through an ecosystem. It is provided by the sun and is dissipated 
at every transfer between trophic levels. (Tnis flow of energy contrasts 
with the cycling of nutrients, which change in form but are not 
degraded to heat in every transfer as is true of energy.) 

Third, an ecosystem can support relatively few animals at the 
highest trophic level. In the Chesapeake Bay, massive quantities of 
plants are required to support relatively few carnivores such as the 
striped bass or bluefish. 

Fourth, because the'amount of food energy available decreases 
with each rise in trophic level, feeding at the lowest trophic level 
means that more food (energy) is available. Some animals are known 
to switch fix)m camivory to herbivory when food becomes scarce. This 
switch theoretically increases the amount of food available to them 
five- to tenfold. 



The Bay Food Web 




Finally, high-level carnivores consume many times their weight in 
food. If this food contains a toxic chemical, even in small amounts,^ the 
fish or animal may be exposed over time to high levels of the chemical. 
Heav)' metals and organic chemicals may be stored in the fatty tissues 
of the animal and concentrate there. As a result, the body may contain 
a much higher concentration of the chemical than did its food. This 
phenomenon is called biological magnification. 

Direct & Indirect Food Webs 

As mentioned earlier, two basic pathways dominate the estuarine food 
web. The direct pathway leads ft-om living plants to higher animals. 
The indirect, or detritus pathway leads ft'om dead organic matter to 
lower animals then to higher animals. The m^sh and bay grass 
communities are strongly dominated by the detritus pathway. 

The importance of the detrital fdod web has not always been easy 
to demonstrate experimentally The higher plants, like eelgrass, 
saltmarsh, cordgrass and widgcongtass contribute most of their carbon 
content as detritus. However, the small algae, like diatoms and 
filamentous green algae that grow as epiphytes on the grasses, are 
usually eaten by grazers, which puts them in the direct predatory 
chain. 

In deeper waters, detritus resulting ft'om dead phytoplankton, . 
zooplankton and larger animals, as well as that washed in from upland 
drainage, marsh and bay grass communities, continuously "rains" 
down on the benthos. Here, bottom-dwelling animals such as oysters, 
clams, crustaceans, tube worms, shrimp and blue crabs feed on it. 
These animals then provide food for fish (and people). To the extent 
^ that live phytoplankton reach the benthos where filter feeders can 
directly remove the cells or small colonies fix>m the water, they 
contribute directly to the bcnthic food web. 

The plankton community is dominated by a direct food web, 
especially seaward of the turbidity maximum. Relatively little is known 
about the importance of individual phytoplankton species in the food 
web. This is partially due to their great variability from season to 
season and varied distribution within the Bay The role of zooplankton 
is beper defined. Knowledge of specific details pertaining to food web 
relations involving baaeria and other microbes and protozoa is 
severely limited. 

Phytoplankton are divided by size. The larger species are often ^ 
called "net" plankton, because they are traditionally collected with fine 
nets. Many diatoms and large dinoflag^llates are in this group. Species 
that pass through fine nets are known as nannoplankton. The 
nannoplankton are believed to be very important as food, and may 
' contribute from 50 to 75 percent of the primary organic carbon 

production attributed to phytoplankton. Microzooplankton, including 
rotifers and tintinids (a group of protozoa), are probably the major 
consumers of nannoplankton. "Net" phytoplankton provide food for 
larger zooplankton and some fish. Bacteria, fungi, phytoplankton, and 
possibly small protozoa provide food for oysters and clams. In 
addition, all plankton contribute to detritus. 

Copcpods, the dominant form among zooplankton, are a key link 
in the food web between phytoplankton and larger animals. Larger 



plant materials in marine waters is carried out by copcpods. On a 
larger scale, copcpods are the world's largest stock of living animal 
protein. Larger carnivores feed voraciously on copcpods. One herring, 
for example, may consume thousands of the tiny creatures in a single 
day 

Most of the Ba/s fish are part of the direct food web but their 
feeding habits are complex. Some Bay experts contend that menhaden 
are the dominant fish in the Bay as far as food consumption is 
concerned. As juveniles they consume large quantities of zooplankton. 
Upon reaching adulthood, they switch to phytoplankton. The gill * 
rakers of the adult are extremely fine and aa as a filtering net. Adult 
menhaden swim with their mouths open and "sample" the plankton 
that appear in their paths. Menhaden arc a major food of striped bass 
and blucfish. They also support a large commercial fishery that 
incorporates them into poiiltry and animal feed. 

Like menhaden, anchovies and all fish larvae arc primarily plankton 
feeders. Adult striped bass, blucfish and weakfish (sea m)ut) fixd 
mainly on other fish. Striped bass and other predators may feed upon 
their own young, thus contributing to this species' periodic popula- 
tion growth/reduction cycles. Finally, there is a large group offish that 
arc omnivorous, such as eels and croakers. Their diets arc often 
composed of planktonic copcpods, amphipods, crabs, shrimp, small 
bivalves and small forage fish. Small forage fish, like killifish and 
silvcrsidcs, often fixd upon the epifauna and epiphytcs^pf the marsh 
and littoral communities.' 

Some fish may be "specialty^ feeders, but most species subsist on a 
variety of prey, or have alternative foods. This ability to switch bom an 
item in low abundance to a more available food contributes to the 
overall stability of the fish community by assuring long-term surviva- 
bility and providing a buffer against major changes. ^ 

c 

Why is the Chesapeake Bay So Productive? 

The physical and ecological processes of the Bay make it possible for 
us to understand why the Bay is such a tremendous food source. 

The Bay sustains several juxtaposed habitats, which exchange 
materials and complement one another's resources. For example, 
detritus (dcadorganic matter) derived bom marsh and bay grass 
communities is a major source of food for benthic animals. On the 
other hand, nutrient-laden sediments bdm the Ba/s waters are 
deposited in marshes, increasing productivity there. 

The existence of two major fbod webs, the dctrital (indirea) 
pathway and the predatory (direct) pathway, promotes overall stability 
If one pathway falters, resources can be used via the other. Some 
organisms can even switch fbod sources. 

. The estuarinc circulation patterns result in accumulation and 
retention of suspended sediments and nutrients. This yields the Ba/s 
high productivity. The sediments and nutrients that accumulate in the 
zones of maximum turbidity result in increased phytoplankton 
growth, although the turbidity itself can limit groviTii by blocking out ' 
light. Detritus is also retained in the estuary because of the Ba/s 
circulation. This longer retention increases its availability to animals. It 
afeo permits complete decomposition by microbes, providing a source 
of inorganic nutrients for plants. 

This brief look at the Bav's life suDOort system should convey some 
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Thus far, the Bay and tidal tributaries have absorbed 
considerable pressure^om both natural and hurnan causes. 
They have remained highly productive. But we cannot 
count on this natural carrying capacity to endure any and all future 
pressures. In recent years, the Bay has been showing signs of wear and 
tear. Sewage and land run-off have markedly altered the nutrient 
balance of some of the Ba/s tributaries and possibly of the upper Bay 
itself. Carbon, nitron and phosphorus loadMgs have increased and, 
more importantly, U^tcfttios of one material to another have changed. 
The results of some of these changes are obvious — for example, the 
p^a green blankets of algae and the decline in submerged aquatic 
vegetation. 

Other effects are not as obvious. They may show up over time, 
gradually becoming apparent among the processes takiiig place within 
the Bay ecosystem. Circulation, for i^ance, transports nutrients and 
organisms to all parts of the Bay It also carries pollutants. Excess 
nutrients can cause an overabundance of algae which can rob oxygen 
resources from other organisms as well as the algae themselves, 
Benthic communities stir up bottom sediments, making nutrients and 
other material available to organisms in the water column. Their 
activities can alsb increase the exchange of toxic chemicals. Some of 
these chemicals, the man-made organics, are used in virtually every 
industrial product and process. Unfortunately, litde is known about 
the chronic effects of toxic substances in the environment, and 
especially littie about how they affea living beings. 

We have tried to convey to you the major components and dwiamic 
processes governing the Bay Understanding these interacting principles 
and howypolliitants are affected by them, will allow us to begin to 
underst^d the effects of individual, apparendy insignificant aaions. 

We have already begun to use the "ecosystem approach" to manage 
parts of the Bay Controls such as the Upper Chesapeake; Bay 
Phosphorus Limitation Policy, which limits amounts of phosphorus , 
released from some sewage treatment plants discharging into the Bay 
above Baltimore, will help to curb the domino effect of pollutants on 
an ecosystem. Future controls, like this policy, should be chosen 

with the ecosystem in mind. Failure to recognize this basic principle 
can only lead to frustration and loss of management options, ^ 
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